ABSTRACT Parthenogenesis, embryonic development of an unfertilized egg, was studied for many years in turkeys. In fact, as many as 49% of unfertilized Beltsville Small White turkey eggs develop embryos. However, no research exists on parthenogenesis in quail. The Chinese painted quail is a close relative of the more common Japanese quail and, unlike turkeys or chickens, the small Chinese painted quail reaches sexual maturity rapidly, making it a great candidate for further research on parthenogenesis. Obviously, a better understanding of avian parthenogenesis should increase our knowledge of avian fertilization and early embryonic development. Therefore, we determined if unfertilized Chinese painted quail hens produce embryos. Second, we explored the possibility that position of the egg within the clutch influences parthenogenesis. When initial secondary sexual plumage was apparent at 4 wk of age, male chicks were separated from females to prevent fertilization. Hens were placed in individual cages near sexual maturity, at approximately 6 wk of age. Individual eggs were collected daily and labeled with hen number and date. Eggs were stored for 0 to 3 d at 20°C before incubation at 37.5°C. After 10 d of incubation, approximately 4,000 eggs from 300 laying hens were examined for embryonic development under a magnifying lamp. On average, 4.8% of the unfertilized eggs contained an abortive form of embryonic development consisting of undifferentiated cells and unorganized membranes. Approximately 27% of the laying hens produced at least 1 egg with parthenogenic development. However, about 10% (30) of these hens exhibited a predisposition for parthenogenesis by producing 2 or more unfertilized eggs with embryonic development. Twenty percent of the eggs from 2 hens produced embryonic development. Additionally, the first egg laid in a clutch was most likely to produce embryonic development, with a steady decline in the percentage of eggs with embryonic development as position in the clutch increased. In conclusion, the Chinese painted quail does exhibit parthenogenesis and clutch position influences the rate of naturally occurring parthenogenesis.
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INTRODUCTION
Chicken and turkey eggs are capable of developing male embryos without fertilization by means of parthenogenesis (Olsen, 1975) . Even though the unfertilized egg is haploid, turkey parthenogens contain mostly diploid cells. However, even the sexually mature parthenogen contains approximately 1% haploid cells (Cassar et al., 1998a) . It is unknown how diploidy is restored. Recombination of the second polar body with the egg nucleus or absence of meiosis II have been proposed as possible mechanisms for restoration of diploidy (Olsen, 1975) . Olsen and Marsden (1953) accidentally discovered naturally occurring parthenogenesis in turkeys at the Agricultural Research Center in Beltsville, Maryland. Olsen and Marsden (1954) found that 14% of the infertile eggs laid by Beltsville Small White (BSW) turkeys developed parthenogenetically. More recently, Cassar et al. (1998b) reported that almost all parthenogenic development in unfertilized turkey and chicken eggs is very unorganized, closely resembling normal embryonic mortality during the first 3 d of incubation in the fertilized egg. The vast majority of eggs containing parthenogenetic development consist of sheets of epithelial cells that envelop the yolk (Cassar et al., 1998b) . However, through intensive genetic selection for parthenogenesis, Olsen (1975) was eventually able to hatch approximately 1% of the unfertilized BSW turkey eggs.
Unfortunately, the vast majority of research on parthenogenesis was conducted over 30 yr ago mostly by Olsen (1975) and almost entirely on a single strain of turkey, the BSW. More recently, Bakst et al. (1998) found that 4% of the unfertilized eggs from modern commercial turkeys exhibit parthenogenesis. A very limited amount of parthenogenesis research on chickens exits. Kosin (1945) found parthenogenic development in 15% of freshly laid eggs of Barred Plymouth Rock and White Leghorn hens, but this development ceased when the eggs were incubated. Olsen (1966) found no macroscopic development in the infertile eggs of New Hampshire, Araucana, or Game chickens. A group of Barred Plymouth Rock and inbred and outbred lines of Rhode Island Reds and White Leghorns showed very low parthenogenic development. Of 1,143 infertile eggs that were classified as developing, 1,136 were from Dark Cornish, Silver Cornish, or Cornish crosses. Because of its breast conformation, the Cornish chicken was used extensively to develop the modern day broiler breeder chicken (Hunton, 1990) . Therefore, it is very possible that the gene or genes controlling parthenogenesis in the Cornish chicken have been passed on to the modern day broiler breeder. Olsen et al. (1968) reasoned that parthenogenesis in chickens is controlled by a single autosomal recessive gene. Olsen (1965) reported that parthenogenic embryos experience a time lag in development, which usually requires 2 additional days of incubation than do normal embryos from fertile eggs. Parthenogenic embryos only progress through the early blastula stage when the egg is laid (Haney and Olsen, 1958) . Poole and Olsen (1958) demonstrated that freshly laid eggs from strains of Dark Cornish chickens, which had the highest average incidence of early cleavage, showed the highest incidence of parthenogenesis after incubation. This could be due to the hypothesis that cells in the more advanced stages of embryonic development adapt easier to standard incubation temperatures, whereas cells in early embryonic development are less likely to survive these same conditions. Ova destined to become the first eggs laid in a clutch sequence are retained in the body of the hen for 16 h longer than subsequent ova that will be released in a clutch or sequence of eggs laid (Fasenko et al., 1992) . It is possible that first eggs in a clutch sequence have a greater potential for developing advanced parthenogens because of the increased length of exposure of the embryo to body temperature and the extra time required for the parthenogen to reach the gastrula stage of development. However, it is unknown if clutch position affects the incidence of parthenogenesis. It is interesting to note that the first eggs in a sequence exhibit more early embryonic mortality than subsequent eggs in a sequence (Fasenko et al., 1992) , and most avian parthenogenesis closely resembles early embryonic mortality (Olsen, 1975) . Perhaps, a portion of the very early embryonic mortality described in previous studies in first of sequence eggs may be parthenogenic development of unfertilized eggs. Cassar et al. (1998b) revealed that not all very early embryonic mortality is the result of parthenogenesis in unfertilized eggs of mated hens.
The low incidence of parthenogenesis coupled with the fact that the chicken or turkey must reach sexual maturity at 25 wk of age or later before it is known if they will exhibit parthenogenesis may be why modern research has not been conducted on avian parthenogenesis. The labor and time required to develop and maintain such a large number of breeding age turkeys and chickens as well as their large size and feed consumption make parthenogenesis research with chickens and turkeys extremely costly and time-prohibitive. Coturnix chinensis, the Chinese painted quail, is in the same family, Phasianidae, as the chicken and is the smallest of all species in the order Galliformes. The Chinese painted quail weighs approximately 50 g, which is about half the size of its close relative, the Japanese quail, Coturnix japonica. However, unlike Japanese quail, the Chinese painted quail has not been subjected to intense genetic selection for poultry industry production characteristics. The Chinese painted quail reaches sexual maturity in only 6 to 8 wk and is already established as an excellent model for poultry reproduction research (Tsudzuki, 1994; Ono et al., 2005) . Therefore, the current study will determine if Chinese painted quail can be utilized as the model animal for avian parthenogenesis. Our first objective was to determine if parthenogenesis occurs in this small quail and, if so, the resulting size of the embryo. Due to the absence of research on the relationship between clutch position and parthenogenesis in any avian species, the second objective was to determine if such a relationship exists in quail.
MATERIALS AND METHODS

Housing and Care
Quail eggs were obtained from the Mississippi State University breeder stock and incubated to obtain hens for the subsequent production of unfertilized eggs for experimentation. Chicks were fed a commercial quail starter diet to 4 wk of age and were then placed on a commercial quail breeder diet. Both chicks and adult quail were fed ad libitum and exposed to 17 h of light. Hens (300) were separated from males at 4 wk of age when adult male plumage first became visible. Each hen was individually caged at 6 wk of age so that initial egg production could be obtained. All birds were treated in accordance with the Guide for Care and Use of Agricultural Animals in Agricultural Research and Teaching.
Determination of Embryonic Development and Clutch Position
Daily, individual eggs were collected, labeled, and stored for 0 to 3 d at 20°C. Eggs were incubated at standard conditions (37.5°C) for 10 d. The first 20 eggs PARTHENOGENESIS IN CHINESE PAINTED QUAIL laid by each hen over a 90-d period were examined at 10 d of incubation for embryonic development using a magnifying lamp at 2× magnification. Olsen (1965) revealed that eggs must be incubated 10 d to obtain the greatest incidence of parthenogenesis. Embryonic development was measured to the nearest millimeter, across the greatest width of the blastodisc. Olsen (1965) verified that this method could accurately predict embryonic growth of the parthenogen. However, embryos were not staged using the procedure of Hamburger and Hamilton (1951) because the vast majority of the parthenogenetic embryos did not exhibit typical embryonic differentiation.
To determine the amount of embryonic development for parthenogens, the sizes of the parthenogens were compared with the size of the blastoderms or germinal discs of fresh unincubated-fertilized eggs from hens housed with males, fresh unincubated-unfertilized eggs, and unfertilized eggs without parthenogens that had been incubated for 10 d (n = 145 eggs/group). Egg sequence position within a clutch was also obtained to determine if parthenogenesis was altered by sequence position.
Statistical Analyses
Data were analyzed as a completely randomized design and means were separated using Fisher's protected least significant difference test (P < 0.05). As recommended by Steel and Torrie (1980) , arcsin transformations were performed to normalize binomial data; however, statistical patterns were similar for both transformed and untransformed results. Therefore, for ease of interpretation, only untransformed results will be presented. Pearson's correlation coefficients were obtained for the relationships of hen-day egg production with mean clutch size and with eggs positive for parthenogenetic development. Correlation coefficients were also used to determine the relationship of mean clutch size with the percentage of eggs positive for parthenogenetic development. Hen population distributions were obtained for the percentage of eggs exhibiting parthenogenesis and for parthenogen width. Regression analyses were used to determine if a relationship exists for clutch position with the percentage of parthenogenesis as well as parthenogen width (Steel and Torrie, 1980) .
RESULTS
A fresh unincubated-fertilized Chinese painted quail egg containing an area pellucida, area opaca, and periblastic ring is presented in Figure 1A . The germinal disc area of this egg is 4 mm wide. However, the area pellucida, area opaca, and a distinct periblastic ring are absent from the fresh unincubated-unfertilized germinal disc ( Figure 1B) . The unincubated-unfertilized germinal disc contained numerous vacuoles and was only 3 mm wide. Similar to the unincubated-unfertilized germinal disc, an unfertilized germinal disc incubated for 10 d also contained large vacuoles, but the width of the germinal disc was only 2 mm ( Figure 1C) . Unlike the unincubated and incubated-unfertilized germinal discs, the germinal disc was 5 mm for an unfertilized egg exhibiting unorganized, undifferentiated parthenogenetic development after 10 d of incubation ( Figure 1D ). Unorganized sheets of epithelial cells can be seen engulfing the egg yolk. An unfertilized egg incubated for 10 d that exhibited more organized parthenogenetic development is presented in Figure 1E . The germinal disc of this egg contains an area pellucida, area opaca, and periblastic ring with a germinal disc width of 3 mm. In fact, the mean germinal disc size for unincubated-fertilized eggs (3.93 mm, Figure 2 ) was significantly wider than the germinal disc size of unincubated-unfertilized, 10-d incubated-unfertilized, and the 10-d incubated-parthenogen (2.56, 2.06, and 3.73, respectively; P < 0.0001). However, germinal discs were wider for 10-d incubated parthenogens when compared with discs of either unincubated-unfertilized or 10-d incubated-unfertilized eggs. Also, the discs from unincubated-unfertilized eggs were wider than those of 10-d incubated-unfertilized eggs.
The means for percentage of egg production, percentage of eggs positive for parthenogenesis, parthenogenetic germinal disc size, and clutch size are presented in Table 1 . Of the 298 hens that laid at least 1 egg, approximately 27% of the hen population (81 hens; Figure 3 ) produced at least 1 egg positive for parthenogenetic development with 30 hens producing at least 2 or more eggs that exhibited parthenogenetic development (data not shown). Interestingly, percentage of egg production was negatively correlated with the percentage of eggs positive for parthenogenesis (Table  2) . Of the hens laying eggs that were positive for parthenogenetic development, approximately 50% of these hens had a mean parthenogenetic germinal disc width of 4.5 mm or greater (Figure 4 ). There was a cubic decrease in the occurrence of parthenogenesis as the number of eggs in a clutch sequence increased ( Figure  5 ). The percentage of parthenogenesis was highest for the first egg in a clutch (7%). However, there was a significant decrease in the percentage of parthenogenesis for the second and subsequent eggs in a clutch, with the greatest decrease occurring after 6 eggs were laid sequentially. In this study, a positive correlation existed for percentage of egg production with mean clutch size (Table 2) . However, the correlation coefficient for mean clutch size with percentage of eggs positive for parthenogenesis was negative (Table 2 ). Even though there was a relationship for mean clutch size with percentage of eggs positive for parthenogenesis, no relationship was detected for parthenogenetic germinal disc width with clutch position (data not shown).
DISCUSSION
When comparing the germinal discs of fresh unincubated-fertilized eggs to unfertilized eggs exhibiting embryonic development at 10 d of incubation, it is apparent that an abortive form of parthenogenesis occurs in the Chinese painted quail (Coturnix chinensis). In the current study, the germinal discs from unincubatedfertilized eggs and unfertilized eggs exhibiting parthenogenetic development at 10 d of incubation contain both an area pellucida and area opaca as well as a distinct periblastic ring ( Figures 1A and 1E) , whereas the fresh unincubated-unfertilized and unfertilized eggs at 10 d of incubation did not.
After examining blastoderms from BSW turkeys, Olsen (1965) reported that the diameter of blastoderms exhibiting parthenogenesis increased as the incubation period increased. In this trial, the width of the germinal discs obtained from eggs exhibiting parthenogenetic development at 10 d of incubation was almost 2 times larger than the germinal discs obtained from unfertilized eggs that did not exhibit embryonic development after being incubated for 10 d and 31% wider than the germinal discs from unincubated-unfertilized eggs. Also, the mean size of germinal discs from unincubated-fertilized eggs was only 6% wider at lay compared with unfertilized eggs that developed parthenogenetically through 10 d of incubation.
In this trial, very few quail blastodiscs that developed parthenogenetically had organized development with an area opaca, area pellucida, and a distinct periblastic ring. In fact, the vast majority of germinal discs exhibiting parthenogenetic development contained unorganized, membranous, undifferentiated cells. Similarly in BSW turkeys, Olsen and Marsden (1954) reported that unfertilized eggs incubated for 7 to 9 d commonly exhibited a delayed and abnormal type of unorganized parthenogenetic development that most often never progressed past simple membranous growth. Due to this lack of organized and differentiated embryonic development, it is difficult to classify avian parthenogens into standard stages of embryonic development as described by Hamburger and Hamilton (1951) . However, through years of selection of parthenogenesis, Olsen (1975) was eventually able to obtain advanced-stage embryos and even hatch approximately 1% of unfertilized BSW turkey eggs.
The difference in germinal disc size between unincubated-fertilized eggs and eggs exhibiting parthenogenetic development is most likely due to the fact that parthenogens develop slower. At lay, parthenogens are in the early blastula stage (Haney and Olsen, 1958) , whereas fertile eggs are often in the early gastrula stage of development (Hays and Nicolaides, 1934) . When comparing embryonic development of normal turkey embryos to the development of parthenogenetic embryos, Olsen (1965) reported that parthenogenetic embryos were 2 d behind in development. It is apparent that this delay in embryonic development found in turkeys also occurs in the Chinese painted quail because the germinal discs from quail eggs exhibiting parthenogenetic development are slightly smaller than those of fertilized eggs at lay. Also, Haney and Olsen (1958) found that 97.4% of the blastodiscs of newly laid unfertilized turkey eggs underwent cleavage and that 87.2% of the blastodiscs contained nucleated cells. However, after 9 to 10 d of incubation, only 37.3% of unfertilized turkey eggs demonstrated some degree of development. It is possible that when Haney and Olsen (1958) incubated the eggs, they destroyed the developing parthenogens and that this phenomenon may also be occurring in the Chinese painted quail.
For this trial, as expected, there was a positive correlation for the percentage of eggs produced with mean clutch size (r = 0.52). This correlation revealed that as egg production of a hen increased, the mean number of eggs in a clutch sequence also increased. However, the correlation coefficient was negative for the percentage of eggs produced with the percentage of eggs positive for parthenogenetic development. The correlation coefficient was also negative for mean clutch size with the percentage of eggs positive for parthenogenetic development. For example, when the incidence of parthenogenesis was greater than 40%, mean clutch size was 1.4, which is approximately 2 eggs less than the overall mean clutch size of 3.3 eggs. Sarvella (1974) Figure 3 . Population distribution for all hens that exhibited parthenogenesis (n = 81; 27%). Graph does not show hens that did not exhibit parthenogenesis (n = 217; 73%).
suggested that no correlation existed for clutch position with the incidence of parthenogenesis in Dark Cornish hens. However, the birds that were used in that study were already genetically selected for parthenogenesis, whereas the quail in the present study were from an unselected random population. It is possible that clutch position may not affect parthenogenesis in birds that have been genetically selected for parthenogenesis.
In Chinese painted quail, it is apparent that as egg production and the number of eggs in a clutch sequence increase, the incidence of parthenogenesis declines. This is the first study to reveal that the highest incidence of parthenogenesis occurs in the first egg of a clutch with a 2-fold decrease by the second egg of the clutch. Because the first egg of a clutch sequence is in the body of the hen longer (Fasenko et al., 1992) , body temperature (41°C) may influence parthenogenic development. Additionally, Sarvella and Gehman (1975) noted that the incidence of parthenogenesis was greater in doubleyolked eggs as compared with single-yolked eggs. The shell of double-yolked eggs weighs more than that of single-yolked eggs, indicating that double-yolked eggs remain in the uterus longer than single-yolked eggs so that adequate shell can be created (Harms and Abdallah, 1995) . In Chinese painted quail, it is possible that this increased exposure of first eggs in a clutch to oviductal temperature may increase the incidence of parthenogenesis. Even though the first egg in a clutch has the greatest potential to exhibit parthenogenesis, this relationship has no effect on the size of the parthenogenetic embryo.
Interestingly, when comparing the incidence of parthenogenesis in BSW turkeys during the first year of lay versus the second year of lay, Olsen (1967) reported that the incidences of embryonic development were greater during the first year. He suggested that, due to age, physiological changes were occurring that caused this reduction in the second season of lay. It is possible that this reduction in parthenogenesis was due to the fact that in young hens, clutch size is often shorter, resulting in more eggs remaining in the body longer (Fasenko et al., 1992) . Therefore, the eggs laid during the first season would have had longer exposure to body temperature, possibly increasing the opportunity for embryonic development. As a result, similar to what was noted in the present quail trial, it is also possible that clutch position may have an effect on parthenogenesis in turkeys.
A second reason for an increase in parthenogenesis for the first egg of a clutch sequence could be due to male sex bias in the first eggs laid by a hen. For example, after phenotypic and genotypic examination of fertilized eggs from 3 different strains of chickens, Klein and Grossmann (2008) reported a male sex bias in which 60 to 75% of the embryos were males from the first egg laid by a hen. A sex ratio bias toward male offspring was also reported for the first 2 eggs of a clutch in early nesting kestrels (Dijkstra et al., 1990) . Additionally, a study in Alabama revealed that approximately 60% of house finch embryos were male from the first egg hatched in a clutch (Badyaev et al., 2002) . In poultry, the male is homogametic and carries ZZ chromosomes, whereas the female is heterogametic with ZW chromosomes (Crawford, 1990) . Most research has shown that avian parthenogens are only male with ZZ chromosomes. For example, after microscopic and histological examination of gonads from BSW turkey parthenogens, Poole and Olsen (1957) reported that all parthenogens were male. However, Sarvella (1970) reported triploid chromosomes in chicken parthenogens. In another study, Cassar et al. (1998b) reported an absence of the W chromosome in the BSW turkey parthenogens that were examined. Due to the lack of the W chromosome, it was determined that all BSW turkey parthenogens examined were male. In this quail study, the incidence of parthenogenesis was greatest for the first egg in a clutch sequence and this incidence decreased as clutch size increased. Because it appears that there is a natural bias toward males for the first egg laid by a hen, perhaps in Chinese painted quail more first eggs of a clutch carry the Z chromosome, which could possibly explain the increase in the chance of parthenogenesis for the first egg of a clutch.
To determine if parthenogenesis occurred in Cornish hens, Poole and Olsen (1958) macroscopically examined eggs incubated 10 d from 3 different strains of Dark Cornish hens. They found that 21.9% of the total hen population laid at least 1 egg that contained parthenogenetic development. Interestingly, in this study, 27% of the quail population laid at least 1 egg that exhibited parthenogenetic development. Of the 81 hens that laid eggs containing embryonic development, 30 hens were responsible for laying at least 2 or more eggs that exhibited parthenogenesis. In fact, 2 hens were responsible for producing 5 embryos from 20 unfertilized eggs. Approximately 4,000 eggs were macroscopically examined in this trial and 4.8% of those eggs exhibited parthenogenesis. The incidence of parthenogenesis in Chinese painted quail is similar to what occurs naturally in turkeys not selected for parthenogenesis (Bakst et al., 1998) .
In conclusion, it is apparent that parthenogenesis does occur in the Chinese painted quail. Also, this is the first study to show that clutch position has an affect on the incidence of parthenogenesis because the first egg of the sequence is 2 times as likely to produce a parthenogen as the second egg in the sequence. Future research will determine if genetic selection for parthenogenesis in quail is possible.
